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METHOD AND APPARATUS FOR SIMULATING TASTE SENSATIONS IN A 

TASTE SIMULATION SYSTEM 

This invention relates generally to sensory stimulation, and more particularly, to 
5 the production of taste sensations on a human tongue using electronic stimuli. 

To the best of the inventor's knowledge, there are no known prior art patents that 
are directed to electronically stimulating the tongue palate to simulate various taste 

* 

sensations. Other measurements have been performed including receiving signals from 
the tongue. 

10 U.S. Pat. No. 5,212,476 issued to Sean R. Maloney describes an intra-oral device 

for detecting electromyographic (EMG) signals from the tongue. The Maloney device 
describes a single splint having a convex side which may be in contact with either the 
maxillary or mandibular and includes active electrodes mounted on the splint adjacent to 
the tongue. Muscle contraction causes the movement of charged ions across membrane 

15 and myoneural junctions thereby establishing electric fields of varying intensities 

depending on the degree of muscle contraction. These electric fields, i.e., (EMG) signals, 
may be detected by electrodes which commonly are placed on the skin or inserted into 
the muscle tissue in the form of a needle. These signals provide useful information to the 
physician with respect to the neuromuscular condition. 

20 The present invention provides a tongue plate device that enables a user (wearer 

of the device) to receive electronic stimulation in various regions of the user's tongue to 
simulate the different taste sensations (i.e., sweet, sour, salty, bitter), that are 
conventionally stimulated via chemical means. The tongue plate device includes means 
for measuring the saliva response of the user to determine the user's preference or lack 

25 thereof for the various taste sensations being simulated. The tongue plate device is sized 
to fit over a human tongue and includes a lower surface configured to lie on top of a 
human tongue, the lower surface including a plurality of electronic stimulation nodes 
operable to transmit externally generated electrical signals to stimulate sensory nerve 
fibers within the human tongue at predetermined locations; and an upper surface 

30 including saliva flow measurement means for measuring a rate of change in the saliva 
flow rate of a human in response to the stimulation of the sensory nerve fibers. 
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Systems according to the present invention generally include a tongue plate 
apparatus having a plurality of stimulation nodes, each node coupled, via wired or 
wireless means, to an interactive device configured to receive tongue plate data from a 
5 content provider, process the tongue plate data and provide the processed tongue plate 
data to the tongue plate to excite the plurality of stimulation nodes. The tongue plate 
apparatus also includes saliva flow rate measuring means for measuring the saliva flow 
rate of a user in response to the applied electronic taste stimulation signals. The 
interactive device is also configured to receive feedback data from the saliva flow rate 
10 measuring means of the tongue plate. The feedback data is capable of being stored and 
analyzed to determine a user's taste preferences. 

Referring now to the drawings in which like reference numbers represent 
corresponding parts throughout, where: 

FIG. 1 is a simplified illustration of a cross-sectional view of a human tongue; 
1 5 FIG. 2 is a perspective view of a taste sensation system according to an 

embodiment of the invention; 

FIGS. 3a and 3b are enlarged views of the stimulation nodes of FIG. 2, according 
to various embodiments of the invention; 

FIG. 4a-c are illustrations of the saliva flow measuring system of FIG. 2; and 

20 FIG. 5 is of a method a flowchart according to one embodiment of the present 

invention. 

In the following description of the specific embodiments, reference is made to the 
accompanying drawings which form a part hereof and which show by way of illustration 
the specific embodiments in which the invention may be practiced. In the accompanying 

25 drawings, like reference numbers represent corresponding parts throughout the several 

views. It is to be understood that other embodiments may be utilized as structural changes 
may be made without departing from the scope of the invention. 

It is instructive to first briefly review some of the functionality and structure of 
the human tongue. Humans perceive all taste qualities all over the tongue. There may be 

30 increased sensitivity to certain qualities in certain areas. In addition, our taste system 
provides information on the intensity and pleasantness (or unpleasantness) of taste as 
well. The tongue is made up of muscles covered by mucous membranes. There are very 
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small nodules, called papillae, from the top surface of the tongue, which give it its rough 
texture. Between the papillae at the sides and base of the tongue are small, bulblike 
structures that are sensory organs, called "taste buds," which enable us to enjoy the 
sensations of flavor and warn us when food is unfit to eat. The so-called 5t taste-buds" 
5 number somewhere between 5,000 to 10,000, scattered over the upper and side surfaces 
of the tongue. The taste buds are capable of chemically detecting each of the various 
taste sensations, however, each taste bud is more acutely attuned to a particular taste 
sensation. 

FIG. 1 is a simplified illustration of a cross-sectional view of a tongue 100 

10 including taste buds 102, located in the upper surface of the tongue 100. Each taste bud 
102 in the tongue 100 is coupled to the nervous system via the sensory nerve fibers 104. 
A key feature of the invention is the recognition by the inventor that producing taste 
sensations on the tongue 100 via conventional chemical means may be by-passed by the 
present invention in favor of direct electronic stimulation of the sensory nerve fibers 104 

15 which couple the taste buds 102 of the tongue 100 to the nervous system (not shown). 

Referring now to FIG. 2, an exemplary taste simulation system 200 for simulating 
the different taste sensations (i.e., sweet, sour, salty, bitter) in a human mouth will now be 
described in detail. As shown, taste simulation system 200 includes a tongue plate 10 
connected to an interactive device 50 which is in turn connected to a content provider 80 

20 via a broadcast network 110. The interactive device 50 is directly coupled to an external 
multimedia device 60. 

The tongue plate 10 of FIG. 2 generally follows the contours of the wearer's 
tongue 100 and is configured to include a left and right shoulder 12, 15 that extend along 
the sides of the tongue. These shoulders 12, 15 serve to position the tongue plate 10 on 

25 and around the tongue and to prevent lateral slippage. The tongue plate 10 may be 

formed, if desired, with rounded edges and surfaces to prevent injury to the soft tissue of 
the tongue. The tongue plate 10 may be formed from one or more materials selected for 
their low cost and/or disposability. In addition, the tongue plate 10 may be pre-sterilized 
and packaged. 

30 Embedded within the tongue plate 10 are a plurality of electronic stimulation 

nodes (13(1), 13(2), 13(N)) positioned at various points on the tongue plate 10 
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operable to transmit externally generated electrical signals to stimulate sensory nerve 
fibers 104 within the human tongue 100 at predetermined locations. The stimulation 
nodes 13 are configured to receive electronic stimulation signals (e.g., currents and/or 
voltages) from the interactive device 50, coupled to the tongue plate 10, arranged 
5 externally of the user's body. 

An upper surface of the tongue plate 10 includes saliva flow measurement means 
55 for measuring a rate of change in the saliva flow rate of a human in response to the 
stimulation of the sensory nerve fibers 104. 

In operation, in accordance with an application of the invention, tongue plate data 

10 is generated at a remote content provider 80 and is transmitted along with conventional 
broadcast content (which may be stored content 84), via content server 82, over broadcast 
network 1 10, to the interactive device 50 which translates the tongue plate data into a 
plurality of electronic stimulation signals to be applied to the tongue plate 10. The 
conventional broadcast content may be displayed to a user wearing the tongue plate 10 on 

15 an external multimedia device 60 synchronously with the electronic stimulation signals 
being applied to the tongue plate 10. In this manner, a user may experience simulated 
taste sensations on his (her) tongue 100 in coordination with a multimedia presentation 
(e.g., cooking program) being presented to the user on the external multimedia device 60. 
The saliva flow measurement means 55 on the tongue plate feeds back saliva flow rate 

20 information from the user in response to the electronic stimulation signals which may be 
stored in a memory 52 of the interactive device 50 and/or transmitted back to the content 
provider 80. The saliva flow rate information effectively constitutes taste preferences of 
the user. 

In each of the embodiments to be described herein, electronic stimulation of the 
25 wearer's tongue 100 is effected from electronic signals provided by the interactive device 
50 supplied to the stimulation nodes 13 each of which comprise one or more pole groups 
20(a),..., 20(n). 

FIGS. 3a and 3b are more detailed illustrations of the stimulation nodes 13 of 
FIG. 2, according to various embodiments. 
30 FIG. 3a is an illustration of one stimulation node 13 of FIG. 2 according to an 

embodiment of the invention. The stimulation node 13 is shown to include two pole 
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groups 20a, 20b. Each pole group 20a, 20b is electrically isolated from the other pole 
groups. Further, each pole group 20a, 20b is independently coupled to separate channels 
of the interactive device (50) via cabling (i.e., pole group 20a coupled via pole group lead 
wire 14(1) and pole group 20b coupled via a pole group lead wire 14(2)). 
5 With reference first to the embodiment of FIG. 3a, each pole group 20a, 20b is 

shown to be respectively comprised of three stimulation nodes 22a-c, 24a-c. It should be 
appreciated that different embodiments may include more or less stimulation nodes 22, 
24 per pole group. Each stimulation node 22, 24 in FIG. 3 is configured to include a 
negative (-) inner region encapsulated by an outer positive (+) region for forming a 

10 complete circuit. Other embodiments may invert the node configuration. That is, the 
stimulation node 22, 24 may be otherwise configured as having a positive (+) inner 
region encapsulated by a negative (-) outer region. 

Each stimulation node 22, 24 in the pole group is capable of transmitting an 
electric stimulation signal (e.g., current and/or voltage) to electronically stimulate one or 

15 more sensory nerve fibers 104 in the immediate vicinity of the tongue 100 over which 
the stimulation nodes 22, 24 of each pole group is situated (see Figure 1). Each pole 
group 20a, 20b receives a unique and separate electronic stimulation signal from the 
interactive device 50 via a corresponding pole group lead wire 14(1), 14(2). 

FIG. 3b is an illustration of a stimulation node 13 according to another 

20 embodiment of the invention. As shown, the stimulation node 13 is comprised of four 
pole groups, i.e., 20(a) -20(d). Additional pole groups (e.g., 20(c), 20(d)) may provide 
heightened sensitivity in certain areas of the tongue 100 where it is desired. Of course, it 
will be recognized that the number and configuration of pole groups are a design matter. 
For example, it is contemplated that in certain embodiments, pole groups 20 may 

25 intersect and/or overlap at certain points. , 

It is to be appreciated that the tongue plate 10 may also communicate with the 
interactive device 50 in a wireless manner. Thus, the tongue plate 10 may include a 
suitable wireless interface. The advantage of a wireless communications link is that it 
obviates the need for the wire leads 14 which may become entangled, dislodged or 

30 disconnected. Due to the fact that the tongue plate 10 communicates in a wireless 
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manner, it will be appreciated that the tongue plate 10 carries its own power supply (not 
shown) which may be a battery-operated power supply. 

FIG. 4a is an illustration of a top view of the saliva flow measuring system 55 of 
the tongue plate 10 of FIG. 2 for measuring the saliva flow of a user in response to 
5 electronic stimulation of the tongue plate 10. As shown, the saliva flow measuring 

system 55 is located in a rear top portion of the tongue plate 10. It should be appreciated 
that each user's saliva response to the electronic stimulation signals will differ from other 
user's saliva response so that the taste response (i.e., saliva flow rate) for that user is 
unique to the user. 

10 FIG. 4b is a more detailed illustration of the saliva flow measuring system 55, 

according to one embodiment of the invention. The saliva flow rate may be measured in 
one way by a set of parallel tube-like structures, referred to herein as pipes 55(1), 55(2), 

55(N) located parallel to the longitudinal axis of the tongue plate 10 through which 
saliva passes en route to the gullet. The pipes 55 have openings on both the proximal and 

1 5 distal ends for receiving a user's saliva and directing the saliva flow past the tongue 
palate en route to the user's gullet. 

FIG. 4c is an internal view of one of the pipes 55(1) of FIG. 4b coupled via pole 
group lead wire 14(1) to an exemplary taste simulation system 200. The pipe 55(1) is 
shown to include a pair of hinged gates 65a, 65b, i.e., i.e., a left hinged gate 65a and a 

20 right hinged gate 65b, serve to modulate the saliva flow as it passes through the pipe 
55(1). The two gates, 65a, 65b, (shown in both the open and closed positions) are 
pivotable about respective gate axes 70, 71. Those of ordinary skill in the art will 
recognize that a variety of other one-way gate type devices could also be used in place of 
the hinged gate pair 65a, 65b shown in the exemplary embodiment. 

25 An output signal generated by the saliva flow measuring system 55 may be fed 

back to the content provider 80, via the interactive device 50, to measure the user's 
preference or lack thereof for the electronically stimulated taste sensation. The output 
signal could also be stored in a memory 52 associated with the interactive device 50. 
The interactive device 50 includes at a minimum, hardware and/or software 

30 means for translating tongue plate information provided by the content source 80 into 
electrical signals suitable for use with the tongue plate 10. The interactive device 50 
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preferably includes a software application adapted to process tongue-plate information 
received from the content source 80. The tongue plate information may comprise, for 
example, which stimulation nodes 13 to excite on the tongue plate 10, the voltage and or 
current stimulation levels to be applied to the stimulation nodes 13, and various 
5 characteristics of the stimulation signal (e.g., AC/DC, block-wave, sine-wave, the signal 
duration and so on). The tongue plate information is processed by the interactive device 
50 to provide output control signals to be provided to the tongue plate 10. Interactive 
device 50 can also include other components which are not illustrated in this example for 
simplicity purposes. For instance, interactive device 50 can include a user interface 
10 application and user interface lights, buttons, controls, etc. to facilitate viewer interaction 
with the device. 

The external multimedia device 60, shown coupled to the interactive device 50, 
may be embodied as various devices, including an external set-top box , a television 
receiver including an integrated set-top box, a personal, laptop or handheld computer, and 
15 . soon. 

In an embodiment where the external multimedia device 60 is embodied as a set- 
top box, the external multimedia device 60 may be programmed to store user 
identification information, thereby obviating the requirement for the user to enter the 
information, or the set-top box may support entry of identification information. 

20 As shown in FIG. 2, the content provider 80 includes a content server 82 and 

stored content 84, such as movies, television programs, commercials, music, and similar 
audio and/or video content. Content server 82 controls distribution of the stored content 
84firom content provider 80 to the interactive device 50 via broadcast network 1 10. 
Additionally, content server 82 controls distribution of live content (e.g., content that was 

25 not previously stored, such as live feeds) and/or content stored at other locations in the 
broadcast network 110. The content provider 80 may be embodied as a television 
broadcast station, a cable provider, a direct broadcast satellite, an Internet site that 
transmits content in a unicast, multicast, or broadcast fashion, a digital versatile disk 
player (DVD), a video cassette recorder (VCR), combinations of the above and other 

30 sources of content. 



WO 2005/072821 PCT/TB2005/050303 

8 

In the case where the content provider 80 is embodied as a television broadcast 
station, and the broadcast signal is a digital broadcast signal, the stimulation signals could 
be delivered from the content provider 80 to the interactive device 50 inside xlet 
packages which may be transmitted along with the conventional broadcast service. As is 
5 well known in the art, an xlet is a procedural application which a digital television (DTV) 
extension of an applet. An x-let is an interactive program that can be executed while 
watching/listening to the video/audio portions of the broadcast. 

In the case where the content provider 80 is embodied as a television broadcast 
station, and the broadcast signal is an analogue broadcast signal, the stimulation signals 

10 could be delivered from the content source to the interactive device 50 in an inaudible 
portion of the audio spectrum, preferably outside the 20Hz — 20KHz range, so as not to 
interfere with the audible portion of the broadcast. Alternatively, the stimulation signals 
could be delivered from the content source to the interactive device 50 in an un-displayed 
portion of the video spectrum or via a teletext page. 

15 In the case where the content provider 80 is embodied as a source other than a 

television broadcast station, such as, for example, an Internet site that transmits content in 
a unicast, multicast, or broadcast fashion, a digital versatile disk player (DVD), a video 
cassette recorder (VCR) and other similar sources of content, the stimulation signals 
could be delivered to the interactive device 50 via a suitable interface to the tongue plate 

20 10. 

It is also possible to have a separate telephone connection via an embedded 
modem, which can also be used as a return channel, for example, through an always-on 
return channel, such as a DOCSIS modem. 

FIG. 5 is a flowchart of one embodiment of the present invention of a method 500 

25 for providing sensory stimulation to a user's tongue in the context of an interactive 

broadcast directed to the preparation of various food items. Interactive broadcasts are 
well known, however, the invention provides a novel variation of an interactive broadcast 
in that the tongue plate 10 of the invention provides an interactive sensory stimulus of the 
food items being prepared during the broadcast In the acts to be described, it is presumed 

30 that a user is tuned to a broadcast channel showing an interactive cooking program in 
which various dishes are prepared by a host, in a particular cooking style. 
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At Act 501: the process starts when either a user's external multimedia device 60 
which for illustrative purposes is embodied as a television receiver including an 
integrated set-top box, is tuned to a channel displaying a cooking program. The cooking 
program typically includes the preparation of at least one recipe. 
5 At Act 503: a user switches on the interactive device 50 coupled to the tongue 

plate 10. 

At Act 505: The user attempts to log in to the interactive device 50 by entering 
his(her) username and password, which have previously been provided to the user, in 
appropriate data fields and clicking on a "Log In" icon. For a new user, the interactive 

10 device 50 solicits various information from the user and a username and password are 
provided once the user has provided this information. Alternatively, the user information 
may be pre-stored in a memory 52 associated with the interactive device 50, enabling the 
user to enter directly into the system with a single sign-on and eliminating the need for 
the user to log in each time the system 200 is accessed. 

15 At Act 507: Once the user has successfully logged into the system, user 

preferences, such as preferred taste preferences, are loaded from a memory coupled to, or 
integrated within, the interactive device 50 based on a user identification set for that user. 
At Act 509: The user inserts the tongue plate 10 into the user's mouth. 
At Act 511: As the food items are being prepared on the cooking program, 

20 control signals (tongue plate data) are transmitted along with conventional audio/video 
information from a broadcast station 80 to the interactive device 50. 

At Act 513: The interactive device 50 processes the control information to 
generate appropriate electronic stimulation signals for stimulating appropriate stimulation 
nodes 13 on the tongue plate 10 associated with the food item being prepared. The 

25 stimulating signals are coordinated with the visual/audio signals being delivered to the 
television set 25. 

At Act 515: The saliva flow rate is measured in response to the stimulation signals 
and appropriate feedback signals are generated corresponding to the measured saliva flow 
rate and stored in the memory 52 of the interactive device 50. 
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At Act 517: The feedback information is transmitted back to the broadcast station 
80 via a return channel; In alternate embodiments, the feedback information can be used 
in a variety of ways, including, but not limited to: 

• market information for food companies. 

• Provide the host of the cooking program with an indication of preferred 
items, thus allowing the host to continue cooking with the preferred items. 

• stored inside the interactive device 50 in a directory identifying the user, 
e.g., "good tasting flavors for user X". 

• The feedback information could be used as input for other applications 
such as games, other x-lets or even for application running on other 
devices (e.g. computer) then the said interactive device. 

At Act 519: The user removes the tongue plate 10 to be washed and dried. 

At Act 521: The user logs off from the interactive device 50 and switches off the 
interactive device. 

Although this invention has been described with reference to particular 
embodiments, it will be appreciated that many variations will be resorted to without 
departing from the spirit and scope of this invention as set forth in the appended claims. 
The specification and drawings are accordingly to be regarded in an illustrative manner 
and are not intended to limit the scope of the appended claims. 

In interpreting the appended claims, it should be understood that: 

a) the word "comprising" does not exclude the presence of other elements or acts 
than those listed in a given claim; 

b) the word "a" or "an" preceding an element does not exclude the presence of a 
plurality of such elements; 

c) any reference signs in the claims do not limit their scope; 

d) several "means" may be represented by the same item or hardware or software 
implemented structure or function; and 

e) each of the disclosed elements may be comprised of hardware portions (e.g., 
discrete electronic circuitry), software portions (e.g., computer programming), or any 
combination thereof. 

* 



